Selected Reports from the 18th Annual Meeting of the American Academy of Addiction Psychiatry and the 14th Annual Meeting of the Society for Research on Nicotine and Tobacco
A. Eden Evins, MD, MPH
Guest Editor
Harvard Medical School and Massachusetts General Hospital, Boston, Massachusetts
	[image: http://www.psychiatryreport.com/psy/images/evins.jpg]

	Dr. Evins is Associate Professor of Psychiatry, Harvard Medical School, Schizophrenia Program, Massachusetts General Hospital, and Director, Center for Addiction Medicine, Massachusetts General Hospital, Boston.


An adolescent’s first puffs of a cigarette may be a manifestation of curiosity, a desire to fit in, to take a risk, or to prove some dimension of independence. Unfortunately, that young person does not yet have the wisdom to know that that first puff may lead to years of smoking and an incredibly high attendant physical and economic toll. This adolescent may even know that one in two smokers dies from his or her addiction but cannot yet know that he or she may be vulnerable to the overwhelming drive that many people have to continue smoking, despite its devastating health effects. This issue of The Psychiatry Report, with its focus on smoking cessation, examines the biologic basis for addiction in general, a disorder defined by loss of control over intense urges to take a drug despite adverse consequences; addiction to nicotine in particular; and currently available, effective treatments for nicotine dependence.
Addiction is a disorder of brain reward centers that normally ensure the survival of organisms and the species. Addictive drugs activate and dysregulate endogenous reward systems such that attention, motivation, and behavior are directed away from survival goals and toward drug-related cues. Both biologic and environmental factors are known to contribute to addiction’s hold on the mind and body. In this issue, Gladys N. Pachas, MD, from the Center for Addiction Medicine at Massachusetts General Hospital, Boston, provides an overview of the Addiction Campaign, a collaborative project of Home Box Office, the Robert Wood Johnson Foundation, the National Institutes of Health (NIH)/National Institute on Drug Abuse, and the NIH/National Institute on Alcohol Abuse and Alcoholism. The campaign first defines this serious medical and societal problem and then describes effective treatment options.
This 14-part television documentary and its companion Web site and booklet were developed to help people understand addiction. Among the subjects covered are the effects that different psychoactive substances have on the adolescent and adult brain, why we now understand that addiction is a neurologically based disease, and what treatment strategies are effective to establish initial abstinence and to prevent relapse to tobacco use. The intimate stories in this series, shared by people with addiction, their families, and their friends, are compelling and, often, heartbreaking. Because effective treatments are available and underused and because of the hugely devastating effect of addiction on people’s lives, these personal stories underscore the very real need to improve screening for addiction and increase the proportion of people with addiction who are offered effective treatment. 
Nicotine is highly addictive. This may be especially true in certain patient populations. Ty Schepis, PhD, from Yale University School of Medicine, New Haven, Connecticut, discusses current theories about why smokers continue to smoke even though they fully recognize the risks of continued smoking, why former smokers may resume smoking even after long periods of abstinence, and the predictors of a patient’s likelihood of relapse to tobacco use. In addition, Dr. Schepis describes the evidence that genetic factors impact the likelihood of developing nicotine dependence, as well as treatment response.
Finally, Peter S. Hendricks, PhD, from the University of California, San Francisco, explains how the human body becomes physically and psychologically addicted to nicotine. Inherent to this discussion are explanations of how the body metabolizes nicotine, what physiologic mechanisms result in cravings for nicotine, and how genetic determinants may lead to increased risk for dependence. He also discusses how strategies for treating nicotine addiction may need to be tailored to particular patient populations. In addition, Dr. Hendricks addresses the responsibility of governmental agencies to improve and protect the public health of the nation as it relates to the controversy over whether the US Food and Drug Administration should regulate tobacco products or require reduced nicotine content in tobacco products. Dr. Hendricks doesn’t have the answers to these questions, but he aptly presents arguments in favor of both of these proposed regulatory actions.
These three articles provide food for thought about a tremendous public health problem that affects the health of millions of people around the world and that costs billions of dollars to treat smoking-related diseases. We are grateful to our authors for providing us with these insights into addiction in general and addiction to nicotine in particular. Hopefully, this information will be helpful to those trying to discover and develop even more effective strategies to treat nicotine addiction and prevent relapse to its use and will encourage clinicians to use the effective treatments that are available for their patients who continue to smoke and want to quit.
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Understanding Drug Addiction and Substance Abuse
Gladys N. Pachas, MD
Center for Addiction Medicine, Massachusetts General Hospital, Boston, Massachusetts
Drug addiction, a disease that affects both the patient’s brain and behavior, is dictated by biologic and environmental factors that contribute to its development and progression. This pathologic entity impacts not only individuals and their families but also society on many levels. To help to demystify addiction, provide a definition for this condition, explain its effect on society, and describe the tenets of effective addiction therapy, the cable network Home Box Office developed the Addiction Campaign, which included a 14-part television documentary series, a Web site, and a booklet. This article summarizes a recent presentation on this informative campaign, including its focus on the adolescent and the adult brain, the ways that substance abuse affects cerebral chemical balance, the reasons that patients relapse, and treatment strategies that offer the best chance for cure of addiction.
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Addictive behavior has been studied for many years. Misconceptions, myths, and discrimination related to this serious medical problem led to the belief that addicted persons were morally challenged, shallow, weak, and rebellious and that using drugs was a product of bad choices and lack of social structure and willpower. Society responded to drug addiction by treating it as a social or moral problem that had to be contained—not one that begged for medical intervention. Thus, this viewpoint represented a punitive, not therapeutic, perspective. 
Scientific research fortunately has led to today’s more productive perspective of addiction as a disease that affects both the patient’s brain and behavior. The severity of this pathologic entity is dictated by biologic and environmental factors that contribute to its development and progression. However, addiction impacts not only individuals and their families, it also affects society on various levels.
Thus, drug addiction is a major public health issue. According to the 2006 National Survey on Drug Use and Health,1 the primary source of statistics on the use of illegal drugs by the US population, approximately 20.4 million Americans at least 12 years of age (8.3%) were current illicit drug users, meaning they had used an illicit drug during the month before the survey interview. As illustrated in Figure 1,1 the most commonly abused drugs were marijuana (14.8%) and other illicit compounds (9.6%), psychotherapeutics (7.0%), pain relievers (5.2%), and cocaine (2.4%). 
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Figure 1  Past-month use of specific illicit drugs among persons at least 12 years of age: 2006. Estimates for methamphetamine use incorporate data from new questions added in 2005 and 2006 that were not included when estimating use of illicit drugs other than marijuana, psychotherapeutics, or stimulants. LSD = lysergic acid diethylamide; PCP = phencyclidine. Adapted from Results from the 2006 National Survey on Drug Use and Health: National Findings.1
And, as shown in Figure 2,1 the incidence of marijuana, psychotherapeutics, and cocaine abuse held steady from 2002 to 2006. An estimated 125 million people, or 50.9% of Americans at least 12 years of age, reportedly consumed alcohol at the time of the survey; further, 72.9 million (29.6%) currently were using a tobacco product.1
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Figure 2  Past-month use of selected illicit drugs among persons at least 12 years of age: 2002–2006. The difference between this estimate and the 2006 estimate is statistically significant at the 0.05 level. Adapted from Results from the 2006 National Survey on Drug Use and Health: National Findings.1
Estimates of the total overall costs of substance abuse in the United States—including costs related to healthcare, crime, and lost productivity—exceed $500 billion each year. To break this down, approximately $181 billion has been lost due to use of illicit drugs,2 $168 billion has been lost because of tobacco consumption,3 and $185 billion has been lost due to alcohol abuse.4
Unfortunately, in spite of the epidemiologic data and the groundbreaking discoveries about brain physiology that have revolutionized our understanding of, and responses to, drug addiction, the powerful pangs that draw individuals to use toxic substances still are poorly understood by a large part of society. Thus, addiction is not considered to be a well-defined chronic disease; it continues to be considered taboo or a moral failure.
To aid in demystifying the various components of addiction and increasing understanding of the basics and the nature of the disease, the cable-television network company Home Box Office developed the Addiction Campaign in partnership with the Robert Wood Johnson Foundation, the National Institutes of Health (NIH)/National Institute on Drug Abuse (NIDA), and the NIH/National Institute on Alcohol Abuse and Alcoholism (NIAAA). This campaign included a 14-part television documentary series, a Web site (www.hbo.com/addiction), and the booklet Drugs, Brains, and Behavior: The Science of Addiction, which explained how research by the NIDA led to the recognition of drug addiction as a brain disease that results in compulsive behavior.
The 14-part documentary television series and multimedia initiative delved into the science of addiction and its treatment, recovery, and costs to families and society. Its precise, clear, accurate, and revealing narrative was combined with the compelling personal stories of addicts and their families. In addition, this valuable resource featured commentary from the nation’s addiction experts, including Mark L. Willenbring, MD, Director, Treatment and Recovery Research Division, NIH/NIAAA, Bethesda, Maryland; Kathleen T. Brady, MD, PhD, Professor of Psychiatry, Medical University of South Carolina, Charleston; A. Thomas McLellan, PhD, Director, Professor, Department of Psychiatry, University of Pennsylvania, and Chief Executive Officer and Cofounder, Treatment and Research Institute, Philadelphia, Pennsylvania; Anna Rose Childress, PhD, Research Associate Professor, Psychiatry, University of Pennsylvania School of Medicine; Richard Rawson, PhD, Associate Director, Integrated Substance Abuse Programs of the Jane and Terry Semel Institute for Neuroscience and Human Behavior and the David Geffen School of Medicine, University of California, Los Angeles; David L. Rosenbloom, PhD, Principal Investigator, NIH/NIAAA Center for the Prevention of Alcohol Problems in Young People, and Professor of Public Health, Boston University, Massachusetts; Michael L. Dennis, PhD, Senior Research Psychologist and Director, Global Appraisal of Individual Needs (GAIN) Coordinating Center, Chestnut Health Systems, Bloomington, Illinois; Paula D. Riggs, MD, Associate Professor, Psychiatry, University of Colorado and the Health Sciences Center, Denver; and Nora D. Volkow, MD, Director, NIH/NIDA, Bethesda, Maryland.
During the 18th Annual Meeting of the American Academy of Addiction Psychiatry (AAAP), held from November 29 to December 2, 2007, in Coronado, California, John R. Hughes, MD, Professor of Psychology, Psychiatry, and Family Practice, The University of Vermont College of Medicine, Burlington, used this cable-television series to review current knowledge on nicotine addiction and the best methods to help patients overcome its pull on their lives and health. As the medical experts and he recounted, different chapters of the program focused on such important aspects as defining addiction, understanding relapse, searching for treatment, recognizing the adolescent addict, interviewing the experts, understanding replacement therapy of opiate addiction, and, importantly, realizing a mother’s desperation, which stood as a heartbreaking testimony of the powerful consequences that an addiction problem poses for families. This article will focus on several important points stressed by participants in this teledocumentary.
What Is Addiction?
Defining addiction and its dimensions is one of the greatest medical challenges in medicine. Further, answering the question “What is addiction?” may bring us closer to a general understanding of a problem that has been misunderstood and cloaked for too long. 
Understanding Control and Its Loss
Addiction results when the brain adapts to drug use; this adaptation eventually changes behavior and results in an inability to control drug intake.5 Thus, addicts cannot regulate their own behavior; the area of their brains that allows for free choices becomes disrupted. 
However, it is difficult to understand and accept that addicts act somewhat on reflex and not of free will.5 In most cases, the initial decision to take drugs is voluntary; it may be motivated by social pressure, the intense feeling of pleasure obtained by using the substance, the need for a coping mechanism, or other reasons. As the disease progresses, however, these individuals lose control, the drug overpowers their lives, and the addiction changes from being a pleasurable activity to being a need to simply feel normal. In fact, many of these individuals may say, “I take it first thing in the morning, so I can feel right again.”
A Definition and Its Reality
What is a good working definition of addiction? According to the NIDA,6 addiction is “a chronic, relapsing brain disease that is characterized by compulsive drug seeking and use, despite harmful consequences. It is considered a brain disease, because drugs change the brain—they change its structure and how it works. These brain changes can be long-lasting and can lead to the harmful behaviors seen in people who abuse drugs.”
Some of the compelling stories presented in this documentary and the words offered by recovering addicts illustrated various aspects of the drug addiction problem7:
· Addiction is a chronic and relapsing disease: “I want to quit. I started when I was young thinking I could stop anytime I wanted. I was wrong.”
· Addiction is a disease that affects the brain: “I wish I wouldn’t do this.” “There is something in my head that says, ‘Do it!’”
· Addiction is a disease that causes compulsive drug craving: “I quit, but cravings took over my body.”
· Addiction is a disease that causes a change known as “drug-seeking behavior” despite its devastating consequences: “Even though I lost everything, my kids, my house…everything, I can’t stop it.”
Who Becomes Addicted—And Who Does nOt?
As with most diseases, addiction poses a greater risk for some people than for others. Environmental factors and behaviors (eg, high levels of stress, abuse, familial dysfunction, friends, school) combined with gene expression and function increase the risk of addiction and facilitate its development. 
In turn, other factors also affect an individual’s potential for addiction. For example, risk of addiction increases with younger age of starting drug use and in the presence of such mental disorders as schizophrenia. Further, the method of drug use also influences the chances for addiction. For example, smoked and injected drugs reach the brain much faster than do substances used via other methods. However, the effects of drugs given via these routes also may disappear more quickly and may lead the individual to use the drug more frequently.
What Is Dopamine’s Role in Addiction?
Dopamine is a naturally occurring chemical in the brain. It plays a major role in motivating behavior by producing the sensation of pleasure. Drugs of abuse hijack the brain’s dopamine system.8
Abused drugs activate the dopamine pathway either directly or indirectly. Accordingly, they also activate the same reward system that is energized by such activities as sex and eating—the functions that teach us survival behaviors. Drugs of abuse stimulate this same reward system in a stronger, longer-lasting, and more efficient way; thus, humans are lured into abusing drugs by a powerful reward. When they don’t use the drug, they fall into a state of deprivation—taking the drug then becomes essential for their survival. As an addict noted, “I feel like there is part of my brain that now has the additional responsibility: getting drugs is the number-one priority.”7
The addicted brain, now used to receiving the huge flood of dopamine caused by drug use, reduces the natural production of the chemical. With a deficit in dopamine function comes an inability to feel pleasure except through drug use. This is a prime motivator to relapse.8
Intoxication involves overstimulation of the dopamine system by drugs of abuse that may release 2–10 times the dopamine that do natural rewards.9 With repeated drug exposure, the brain begins to adapt to these surges by decreasing production of the hormone/neurotransmitter and/or the number of available receptors for this chemical, both of which lead to a lesser functioning of the dopamine system. 
As shown in Figure 3,10 the physiology of a methamphetamine abuser’s brain actually shows significantly fewer dopamine transporters when compared with that of a healthy person. A lower functioning of this reward system leads to reduced feelings of pleasure, a lack of interest and excitement, anhedonia, and boredom that prod the drug user to seek the drug just “to go back to a normal stage.” 
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Figure 3  PET scans showing decreased brain function in a methamphetamine abuser. Reproduced, with permission, from Volkow et al.10
In addition, other changes in neurons and brain systems also lead to continued drug use. The prefrontal cortex is responsible for self-control and the ability to make sound decisions; these functions are compromised after chronic drug use disrupts control behaviors. Further, drug abuse changes the concentration of the neurotransmitter glutamate, which influences the reward circuit and the ability to learn; impaired cognitive function results from the brain’s attempts to compensate for this change.
Science has shown that the brain has remarkable ability to recover from addiction. With continuous advances in medical and behavioral treatment, addiction will soon be commonly accepted as a manageable chronic disease.8
Although brain imaging helps us to compare the brains of addicts and controls to better understand how drugs affect the human brain, however, this and other methods of simply recognizing the brain’s physiology do not supply enough information about cerebral changes with addiction. Instead, we must gain knowledge toward developing effective treatments and straightening disrupted pathways. Importantly, repair of the brain necessitates intervention. 
Understanding Relapse
Relapse, the return to drug use after a drug-free period, is a cardinal defining feature of drug addiction. Even after months or years, the tendency to relapse is very strong, despite its potential catastrophic consequences.11
One of the main problems in treating addiction is the high rate of relapse related to drug use.12 It often is difficult to understand that addiction features relapse periods comparable to those of such chronic relapsing disorders as diabetes, hypertension, and asthma (Figure 4).13 Relapse, however, does not represent treatment failure; it is part of the disorder and must be considered a component of the individualized treatment plan.
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Figure 4  Comparison of relapse rates between drug addiction and other chronic illnesses. Adapted from McLellan et al.13
Thus, many addicted patients have thought, “Maybe I am not strong enough,” or “If I start, I can’t stop until it is over.”7 And even though we recognize relapse as a cardinal defining feature of addiction, we still don’t know enough to have an impact on it. However, we do know that the brain has two important systems: its reward system (“go” system, survival system) that helps all humans to respond to natural rewards, and its frontal lobes (the “stop” system) that helps humans decide whether to pursue these rewards.
When both of these systems are in equilibrium, they work together as decisions are made and consequences are managed. The chronic abuse of drugs, however, breaks this equilibrium; both systems become functionally disconnected, as the reward system starts functioning on its own. Thus, drug abuse compromises any ability for self-control or for sound decision-making. Whether that dysfunction is genetically determined and/or whether it is acquired completely with drug use is an important area of study.
Such triggers as people, places, and things may impact relapse significantly.8 When treated patients of addiction return to their normal environments, families, neighborhoods, and sources of stress, they are likely to relapse due to conditional responses—their brains form links that immediately activate the reward system.5 The key seems to be finding ways to circumvent the effects of these triggers to allow addicted individuals to live healthier lives.
Cognitive-Behavioral Therapy
Cognitive-behavioral therapy comprises a set of cognitive and behavioral strategies that help drug addicts to learn how to live without using drugs, to recognize cravings, to change their thinking, to decrease their high-risk behaviors, and to increase protective behaviors.14 Addicts learn to regenerate pleasure from normal activities, to experience pleasure, and to enjoy life without using drugs.
With this technique, addicts learn skills to stay abstinent in the future and to prevent relapse. Further, they learn to recognize that rehabilitation is a long process; their goals include attaining longer periods of normal functioning and promptly returning to treatment and seeking reinforcements if they relapse.
The Search for Treatment: A Challenging Journey
Getting an addict to stop abusing drugs is just one part of a long, complex recovery process, which involves designing a treatment program to address the addiction itself, withdrawal reactions, physical problems, society and the family, and the person’s psychological well-being, or mental health. The treatment program should offer an individualized plan featuring the use of replacement therapy, treatment of concurrent disorders, management and monitoring of symptoms, and implementation of an aftercare program. The length and modality of inpatient or outpatient support for a lifestyle change also should be individualized. 
Importantly, a comprehensive aftercare program is a cardinal component of addiction therapy. Abstinence over a 10-day period is not nearly enough treatment; therapeutic and supportive services should be available at least during the first 90 days after a person’s last use of the drug, since the brain’s vulnerability during that period is related to a high risk of relapse.
Barriers to Effective Therapy
Access to therapy is one of the barriers to successful treatment of addiction. Taboos and misconceptions about addiction must be erased, and hope must be offered in the form of potential treatment. According to the 2006 National Survey on Drug Use and Health,1 21.1 million persons who were at least 12 years of age needed treatment for use of alcohol or illicit drugs, but they did not receive such therapy. Of these individuals, 95.5% did not believe that they needed treatment, 3.0% believed that they needed therapy but did not make an effort to get it, and 1.5% believed that they needed treatment and sought it (Figure 5).1
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Figure 5  Past-year perceived need for, and effort made to receive, specialty treatment among persons at least 12 years of age who need, but who are not receiving, treatment for illicit drug or alcohol use: 2006. Adapted from Results from the 2006 National Survey on Drug Use and Health: National Findings.1
Further, among persons who sought treatment but received none, 36.3% had no healthcare coverage and could not afford the cost, 23.9% were not ready to stop using the addictive substance, 11.2% thought they could handle the problem without treatment, 10.0% had no transportation to the treatment center or found therapy inconvenient, 8.3% believed that going to treatment could cause their neighbors or community members to have a negative opinion of them, and 8.2% believed that no program could offer the desired type of therapy (Figure 6).1
[image: http://www.psychiatryreport.com/psy/images/psy030205fig6.jpg]
Figure 6  Reasons for not receiving treatment for substance abuse among persons at least 12 years of age who believed that they needed and made an effort to receive therapy: 2004–2006 combined. Adapted from Results from the 2006 National Survey on Drug Use and Health: National Findings.1
Health coverage remains a problem for addicted patients who want to stop abusing substances. Treatment plans not covered by insurance companies make long-term treatment very expensive and difficult to follow. Addiction is a chronic disease like asthma or diabetes that needs prolonged therapy. Such recognition will demand a change of policies and insurance coverage.
A Multisystemic Outpatient Approach for Adolescent Addicts
This is a disorder of young people; this is when it starts almost universally. Very little addiction starts after the age of 30.14
In 2006, 9.8% of youths 12–17 years of age used illicit drugs; 6.7% used marijuana, 3.3% engaged in nonmedical use of prescribed drugs, 1.3% used inhalants, 0.7% used hallucinogens, and 0.4% used cocaine.1
The majority of people who depend upon drugs over their lifetimes begin using drugs during adolescence, a period of time in which every physical, psychological, and social aspect of life changes. Adolescents like to explore and investigate new experiences and sources of excitement; when these features are meshed with immature impulse control and poor judgment of risky situations, they put the adolescent at higher risk of drug experimentation. This risk increases greatly during times of transition, such as when adolescents move, change schools, live through their parents’ divorce, or survive trauma and victimization; in addition, concurrent mental disorders (eg, conduct disorder, attention deficit hyperactivity disorder, depression, anxiety) also may contribute to drug use. 
Predictably, teenagers who abuse alcohol and other drugs often suffer from family and school problems, poor academic performance, and conditions resulting in poor health (including mental health) and become involved with the juvenile justice system.6 
Drug use, the perfect coping mechanism for these young people, involves family and community and necessitates very complex, difficult, and long treatment. The disease involves the brain reward system and controls behavior; thus, most addicted teenagers receive treatment at the prodding of their parents, their schools, or the criminal justice system—not because they seek it. In fact, different controversies swirl around coercive treatment versus therapy resulting from free choice. For all drug users in general, including adolescent addicts, treatment is not a matter of choice. At the far end of the pathologic spectrum, addicts often need help they do not want. Thus, the pursuit of treatment should be both a matter of free will and of reward/punishment system that matches the brain’s capacity to respond to these stimuli. 
Unfortunately, relatively few addiction programs are designed for adolescents and their specific therapeutic requirements. One new approach is multisystemic therapy, a modality typically funded by state criminal social services systems and that currently is offered in 33 states. This modality offers time-limited therapy (usually, for 6 months) that involves the adolescent, family, school authorities, criminal justice system, and a therapist. Young patients and their families receive multiple treatment sessions at their homes, and the family has access to the therapist on a 24-hour, 7-day-per-week basis. 
The Technique in Practice
Phoenix Academy in Austin, Texas, is a residential high school that provides substance-abuse treatment for teenagers in a highly structured environment. Teenagers learn responsibility and accountability as they participate in different exercises designed to encourage them to confront the underlying causes of their substance abuse. When conflicts arise, these young patients are encouraged to practice consequential thinking rather than to act impulsively.
“Ted,” a 17-year-old boy, started using drugs and alcohol when he was 14 years of age. He would add a couple of shots of vodka to his coffee just to get a “buzz,” and then he would use some kind of “weed” or leftover prescription pills from the weekend to satisfy the needs of his addiction. After being caught stealing money, Ted was sent to intensive outpatient treatment and individual therapy, where he smoked all the time. Thereafter, he was sent to Phoenix Academy—even though he didn’t believe that he could change. 
Ted was able to stay at Phoenix Academy for 6 months. During that time, he learned both to deal with problems without using drugs as an escape and to identify the consequences of his actions before he acted impulsively. He understood that he could not live the life he wanted to live and attain his desired goals if he used drugs. After 6 months, he graduated from the Phoenix Academy program substance-free. And, although he was afraid to leave, he was excited to return home.
Conclusion
Addiction is a treatable disease often related to a high risk of relapse that demands more than one therapeutic period. Thus, effective therapy of addiction requires a comprehensive aftercare program. 
In dealing with addiction, medical professionals must address drug abuse and all other behavioral, psychological, and other problems that a patient endures. Long-term recovery begins with treatment, but the medical community must become responsible for the period following treatment, for continuing care, and for ongoing and proper monitoring of the patient’s progress.
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Nicotine Dependence: Distilling the Phenotype
Ty Schepis, PhD
Yale University School of Medicine, New Haven, Connecticut
In their quest to quantify nicotine dependence and develop more effective methods of helping their patients to stop smoking, many physicians give their patients questionnaires to complete during their first office visit and then make therapeutic decisions based on the answers offered; key among these questions are items concerning smoking. However, consciously or unconsciously many patients do not accurately complete these tools; further, they may not believe that their limited use of tobacco products could cause dependency issues. A number of dependence scales have been developed, but they have unique disadvantages. This article describes our current knowledge about factors that may predict a return to tobacco use after quitting, reasons that smokers continue smoking even though they recognize the dangers inherent to their habit, and ways that doctors may assess nicotine dependence and determine the best methods for helping their patients to stop using tobacco products.
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Nicotine dependence, a significant concept covered in the literature describing tobacco use, is important for identifying heavy smokers who may find it more difficult to stop smoking.1 Items included in questionnaires used to determine nicotine dependence appear to measure this need at an intuitive, observational level and tend to powerfully explain reasons why smokers continue to use tobacco products that clearly endanger health. Indeed, analysis of these answers to these questionnaires show that more-nicotine-dependent smokers consume a greater number of cigarettes, have greater difficulty in resisting the temptation to smoke when they are sick or when smoking is forbidden, and smoke immediately (or almost immediately) upon awakening. The items of nicotine-dependence questionnaires also indicate whether a smoker meets the criteria for a diagnosis of nicotine dependence, which may be important when choosing a treatment method and deciding whether patients should be included in research trials.
Unfortunately, little is known about the actual nature of nicotine dependence,2 even though such scales as the Fagerström Test of Nicotine Dependence (FTND)3 and the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV)4 are widely used. However, these scales and diagnostic criteria were developed not because they tapped into underlying constructs that illustrated the actual mechanisms of nicotine dependence but because they seemed to correspond to nicotine dependence. 
Both the FTND and the DSM-IV criteria measure the endpoint of dependence; they may reflect constructs unrelated to nicotine dependence (eg, relapse), and they may offer little insight about why patients continue to smoke once their initial period of pleasurable smoking fades. This process of assessing nicotine dependence, although clinically meaningful, is much like measuring hypertension by examining organ damage: End-organ damage is a marker of hypertensive effects as smoking characteristics are a marker of nicotine dependence. However, hypertension is better determined by measuring blood pressure; likewise, nicotine dependence is best measured by assessing its proximal causes than by using more distal, multiply determined, and non-mechanical methods to measure how much individuals smoke or whether they can resist smoking in forbidden situations.
Timothy Baker, PhD, Professor of Medicine at the University of Wisconsin-Madison School of Medicine and Public Health and Associate Director of the University of Wisconsin’s Center for Tobacco Research and Intervention, Madison, discussed the nature of nicotine dependence and its origins during the 14th Annual Meeting of the Society for Research on Nicotine and Tobacco, which was held February 27 to March 1, 2008, in Portland, Oregon. Dr. Baker covered our current knowledge of nicotine dependence and the predictors of smoking relapse, reasons that smokers continue to use tobacco products even though they recognize the inherent dangers, and methods that clinicians may use to assess patients’ dependence on nicotine and to determine the best way to help patients cease using tobacco products.
Methods of Assessing Nicotine Dependence
Newer, more mechanistic measures of nicotine dependence attempt to examine the multidimensional construct of nicotine dependence; if successful, such measures would offer new insights into how this dependence develops and why highly nicotine-dependent smokers continue to smoke. Such measures may be difficult to develop, however, because items on questionnaires may seem to be less related to nicotine dependence than are currently used items. 
More multidimensional measures of nicotine dependence, such as the Nicotine Dependence Syndrome Screener (NDSS),5 the Tobacco Dependence Screener (TDS),6 or the 68-item Wisconsin Inventory of Smoking Dependence Motives (WISDM-68),7 may skirt these difficulties. These tools can be tested against a diagnostic measure corresponding closely to nicotine dependence.
The Best Predictor of Relapse
 A similar comparison in large samples of smokers revealed that the first item on the FTND—a question about how long an individual waits after awaking in the morning to have the day’s first cigarette—was the best predictor of smoking relapse to smoking.8 None of the other items or full assessments of nicotine dependence added to the predictive power of this one item, “time to first cigarette.” 
In fact, as shown in Figure 1,8 an analysis of days to smoking relapse among people who decided to stop smoking found that those who started their day with a cigarette shortly after awakening (eg, 5 minutes or less) relapsed fastest (time to relapse, 7 days), followed by those who smoked their first cigarette within 6–30 minutes after waking up (time to relapse, 21 days). Conversely, persons who smoked their first cigarette 31–60 minutes or more than an hour after awakening enjoyed the longest periods of abstinence before relapsing (times to relapse, 94 days and 210 days, respectively).
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Figure 1  Median number of days to relapse based on time to first cigarette of the morning. Adapted from Transdisciplinary Tobacco Use Research Center.8 
Similar findings were obtained in a sample of smokers attempting smoking cessation who were drawn from four countries.8 Those having their first cigarette of the day shortly after awakening had the lowest probability of achieving cessation, whereas those having their first cigarette more than 30 minutes after awakening were most likely to quit smoking.
Using Scales to Determine Dependence
In addition, nicotine dependence strongly relates to three scales: the automaticity and tolerance scales of the WISDM-68 and the stereotypy scale of the NDSS.8 The automaticity scale contains items that assess an individual’s tendency to smoke without forethought or automatically. The tolerance scale assesses an individual’s ability to resist smoking for more than a few hours. Finally, the stereotypy scale assesses how regularly an individual smokes during the day. Therefore, the item that asks about the time to the first cigarette of the day appears to capture smoking that is heavy, pervasive, and automatic. Further, individuals having higher levels of nicotine dependence apparently engage in smoking that conforms to all of these descriptions.8–10
A Multidimensional Model of Nicotine Dependence
Cox et al,11 among others, noted that individuals who engage in high levels of externalizing behaviors (eg, those consistent with antisocial personality disorder [ASPD]), do not have an identifiable and specific set of traits that uniquely set them apart from those who engage in much lower levels of externalizing behavior. For example, ASPD patients consistently have higher scores for more psychosocial traits related to nicotine dependence than do individuals having lower levels of antisocial behaviors; this is consistent with a dimensional model of externalizing behavior. However, a patient could have a more specific marker of ASPD (eg, only having lower levels of empathy or emotional responsiveness) when compared with persons having lower levels of antisocial behavior; this would be more consistent with a categorical model of externalizing behavior. 
Thus, smokers having higher levels of nicotine dependence, like individuals with other externalizing behaviors, may differ from individuals having lower levels only in the severity of related traits, as illustrated in the dimensional model shown in Scenario A of Figure 2.11 Or those having higher levels of nicotine dependence might uniquely differ from individuals having lower levels on a few related traits, as seen in the categorical model shown in Scenario B of Figure 2.11
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Figure 1  The effect of different traits on nicotine dependence and tobacco use. Scenario A: Dimensional model of nicotine dependence. Smokers with higher levels of nicotine dependence differ from those having lower levels only in the severity of related traits. Scenario B: Categorical model. Smokers with higher levels of nicotine dependence may uniquely differ from those with lower levels on just a few related traits. Adapted, with permission, from Cox et al.11
In a latent class analysis that examined these scenarios, five distinct groups of smokers were identified in terms of their levels of nicotine dependence as assessed by the WISDM-68. Four groups differed only in severity (similar to Scenario A of Figure 2).11 However, one distinct group, representing about 17% of the sample, resembled a low-to-moderate dependence profile; on four scales (automaticity, loss of control, craving, and tolerance), members resembled the group having high nicotine dependence (similar to Scenario B of Figure 2).11 Thus, four constructs—smoking without thinking, an inability to go long periods without smoking, a high desire or craving for cigarettes, and a sense of lost control over smoking behavior—appeared to relate to a primary aspect of nicotine dependence. These four items were tested for psychometric properties, related genetic factors, and theoretical strength. 
The Psychometric Properties of the Constructs
The first psychometric test evaluated whether these items “hung together” or whether they clustered as a distinct factor when factor analytic techniques were used. The four primary scales formed one factor, and the other nine scales formed another factor more related to the reasons that people smoke (eg, for weight control, increasing positive emotions, or relieving withdrawal). The core factors related to nicotine dependence in these samples did not appear to be related to emotions or weight, however. Instead, nicotine-dependent individuals continued to smoke for reasons that the lay person might associate with addiction: They smoked without thinking, because they could not resist the habit and had no control over the behavior. 
The second psychometric test evaluated the concurrent validity of these four primary scales as a group by comparing them with more traditional, accepted measures of nicotine dependence. Stronger associations between the four primary scales and the traditional measures of nicotine dependence would indicate that the analysis of the four primary measures is a valid method of assessing nicotine dependence. 
Indeed, the four primary WISDM-68 scales corresponded to higher scores on the TDS and FTND, higher self-reported smoking levels, greater likelihood of smoking relapse, more unsuccessful smoking-cessation attempts, and higher exhaled carbon monoxide levels, which constitute a marker of recent smoking. These four scales also were linked with starting smoking at an earlier age and at an earlier time of day, which both relate to nicotine dependence and difficulty in achieving abstinence from cigarettes.12,13 The other nine scales of the WISDM-68 were related to important smoking characteristics related to nicotine dependence, including 6-month abstinence; however, this effect disappeared once the primary four scales were included. Thus, the primary WISDM-68 scales seemed to predict the majority of variables related to nicotine dependence and the success of smoking cessation.
Other psychometric analyses apparently indicated that scores on the four primary scales increased exponentially with increased cigarette consumption. In other words, persons having low cigarette-smoking levels (eg, non-daily smokers) tended to have low scores on the four primary WISDM-68 scales. These scores increased quite rapidly, however, when smokers progressed from moderate smoking (eg, light daily smokers) to heavy and very heavy smoking. 
Thus, the four primary scales apparently are related to both increasingly heavy involvement with cigarettes and higher levels of nicotine dependence. Cigarette consumption alone is a somewhat crude marker of nicotine dependence; the four primary scales may capture a number of diverse variables related to smoking and nicotine dependence, which increases their explanatory power.
The Importance of Genetics
The next step was to relate the primary scales to gene markers linked to lower levels of nicotine dependence. Haplotypes are combinations of alleles (or discreet genes) that are transmitted together; they may consist of as few as two genes or of larger numbers of linked alleles. The specific haplotypes examined included genes for nicotinic acetylcholine receptors, which are important for mediating the immediate effects of nicotine, tolerance to the stimulant, and, potentially, nicotine withdrawal.14
Of the three haplotypes examined, the “C” haplotype proved to protect against development of nicotine dependence. Interestingly, individuals with the C haplotype were more likely to have lower scores on the primary scales regardless of their level of smoking involvement, implying that the primary scales were directly involved in identifying individuals who were less genetically prone to nicotine dependence. Further examinations found a similar effect for individuals having at least one copy of the C haplotype in their individual diplotype (ie, an individual’s pair of haplotypes inherited from each parent). Those without a C haplotype (eg, AA, AB, BB) had a higher risk for nicotine dependence and for elevated scores on the four primary scales of the WISDM-68.
Development of Dependence and Craving
Finally, the four primary scales were examined in light of theories related generally to addiction development and more specifically to nicotine dependence. For example, Everitt and Robbins15 summarized the literature on psychostimulant dependence, a condition somewhat similar to dependence on the stimulant nicotine. They noted that as animals and humans become dependent on these substances, their response to stimulants becomes increasingly automatic and habitual. 
Before dependence develops, however, stimulant use may be controlled by factors such as pleasure seeking (positive reinforcement) and avoidance of withdrawal (negative reinforcement); eventually, however, an automatic drug-seeking response appears to become important. In particular, animals continue to perform behaviors to obtain a stimulant, even after these behaviors cease to produce results for some time. Furthermore, Tiffany16 noted that smoking becomes automatic in humans as they use tobacco more heavily. Such findings theoretically support that the WISDM-68 primary scale of automaticity is important in assessing the development and continuation of nicotine dependence in human smokers.
In addition, craving processes may tie into the automaticity of smoking. Craving may arise when an automatic behavior is impeded or prevented from occurring. For example, if a nicotine-dependent person (ie, one who smokes automatically) is stuck in a meeting during a usual smoking break, that person will experience cravings because of a disruption of the automatic smoking behavior. The awareness of the inability to smoke intensifies the individual’s focus on smoking and the sensations that occur along with the actual act of puffing on a cigarette. In essence, thoughts that constitute craving result from the process of forcing an automatic behavior (smoking) into conscious focus by preventing it from taking place. These hypotheses apparently are supported by data from neuroimaging studies involving activation of the prefrontal cortex, anterior cingulate, and insula.17,18 
In all, the primary scales of the WISDM-68 may be linked by the theories of habit learning, automaticity, and cognitive control.
Clinical Implications
Thus, clinicians must assess both smoking status and the severity of nicotine-dependence symptoms. And just as clinicians should assess smoking status of all patients during a first office visit and thereafter, they also should assess nicotine dependence among all patients who admit to recent smoking. This step may seem unnecessary for patients who only smoke sporadically, but it is important, since patients may understate their smoking habits; in addition, the course of nicotine dependence varies, and symptoms may begin even in patients who smoke on a regular, but not daily, basis. 
Regardless of nicotine-dependence status, however, clinicians should offer cessation services to all smokers. Of course, patients may refuse physician counseling or pharmacologic aids to quit smoking; experience has shown, however, that patients often appreciate nonjudgmental offers of such help. 
The assessment of nicotine dependence is important for offering cessation services, because it may indicate the difficulty that many patients have in stopping smoking. Those with strong symptoms of nicotine dependence are likely to have greater problems in achieving and maintaining cessation. Indeed, these patients will most likely need pharmacologic intervention, behavioral counseling (often from a specialist with significant experience in cessation counseling), and regular follow-up.
Making an Office Assessment
In assessing nicotine dependence and using that information in clinical decision-making, physicians have many options. Assessing how many cigarettes the patient smokes each day and other common methods may be only somewhat valid and informative. Alternatively, the time demands on physicians and their staffs may make use of large scales unfeasible. 
Thus, it is recommended that physicians use the four primary scales of the WISDM-68 (ie, automaticity, loss of control, craving, and tolerance),7 in the form of 18 key items (see Table 1), to assess nicotine dependence. Each item is scored on a scale of 1 to 7, with 1 representing “not true of me at all” and 7 signifying “extremely true of me.” People often can score these items quickly, and physicians can quickly ascertain whether their patients are scoring near the high end of the scale (indicating a higher level of nicotine dependence) on many items. For patients having scores above the midpoint of 4 on all 18 items, clinicians should recommend a more intensive, combined intervention that includes use of a pharmacologic smoking-cessation aid and more intensive behavioral counseling with a specialist. When patients score on the low end on most items (ie, below 3 on nearly all items), less intensive counseling may be appropriate, and pharmacologic intervention may not be necessary. However, if patients with lower levels of nicotine dependence fail to stop smoking, they then may receive the more intensive interventions.
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In some cases, clinicians simply may not have enough support staff to administer even an 18-item survey; in others, clinicians may forget to have the patient complete the questionnaire before the face-to-face assessment. When this occurs, the question on the FTND3 that assesses the daily time to first cigarette may be substituted; individuals who admit to smoking within 30 minutes and, certainly, those who admit to smoking within the first 5 minutes after waking need more intensive smoking-cessation interventions.
Follow-up
Follow-up is essential to ensure that patients who lapse into a temporary period of smoking again or who fully relapse are encouraged to try new methods and continue their efforts toward cessation. Importantly, the patient with severe nicotine dependence who is trying to quit smoking does not require office visits with the physician; often, contact between the physician and the behavioral counselor or a follow-up telephone call by a nurse is sufficient.
Frequently, smokers need to try to quit many times before they permanently give up cigarette use, and this may be particularly true of individuals with more severe nicotine dependence. (For reviews of treatment options, see Le Foll and George19 and the US Public Health Service treatment guidelines.20)
Conclusion
Multidimensional measures of nicotine dependence may provide the best method of fully understanding the process of nicotine addiction. Such measures capture a more complete picture of the individual’s state of nicotine dependence; they also may help researchers and clinicians to more clearly understand how and why individuals become dependent on nicotine. 
Furthermore, different sets of smokers may endorse different motives for using cigarettes and depending upon nicotine as they progress from non-daily to heavier daily smoking. For example, individuals who don’t smoke on a daily basis and who depend only slightly upon nicotine may continue to use cigarettes for the pleasure they provide21 or to reduce negative emotions.22 As smoking progresses, however, people may smoke automatically as they are driven by habit, loss of control, and intense cravings. 
Nonetheless, physicians must use caution in dealing with these individuals. Such self-reported motivations probably are accurate and valid ways to assess nicotine dependence, but smokers may not be fully aware of other motivations that drive their continued use of tobacco products. In addition, the processes of nicotine dependence may change as society’s attitudes toward the habit and laws restricting tobacco use make “a nicotine fix” less acceptable. If adult smokers work in environments where they cannot smoke regularly, they may not smoke consistently enough to develop the type of nicotine dependence described by the primary scales. Thus, as society changes, smokers and nicotine dependence will likely change with it, and our methods to assess nicotine dependence eventually will require certain adaptations.
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Nicotine Addiction: Pharmacology, Clinical Research, and Public Policy
Peter S. Hendricks, PhD
San Francisco Treatment Research Center, University of California, San Francisco
When young people light up their first cigarette, they never dream that they may be starting a habit that could stick with them for decades and that ultimately causes disease and death. The biologic mechanisms underlying nicotine addiction have been well characterized and include genetic predisposition, metabolism of the psychoactive compound nicotine, and the body’s reaction to nicotine deprivation. Use of nicotine replacement therapy is an effective strategy to help smokers to kick the habit; however, clinicians must consider gender and racial/ethnic differences in nicotine metabolism to arrive at the most effective dose to help nicotine-addicted individuals cease smoking.  Studies point to the importance of the US Food and Drug Administration having jurisdiction over tobacco products so that the tobacco industry meets new mandates of incrementally lowering nicotine levels in tobacco products to end the cycle of nicotine addiction.
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Tobacco use, typically manifested by cigarette smoking, has claimed approximately 250 million human lives. According to the World Health Organization,1 smoking will cause the deaths of 500 million people alive today and may kill as many as 1 billion people during the 21st century. 
A number of processes motivate people to start smoking and to continue to smoke. None of these factors, however, is as important as are those involving nicotine, the principal psychoactive compound of the tobacco plant. Indeed, nicotine is the agent responsible for the addictive nature of cigarette smoking.
This article is based upon a presentation by Neal L. Benowitz, MD, Professor of Medicine, Psychiatry, and Biopharmaceutical Sciences at the University of California, San Francisco (UCSF), and Co-Leader of the Tobacco Control Program at UCSF’s Helen Diller Family Comprehensive Cancer Center. During this theme lecture, delivered during the 14th Annual Meeting of the Society for Research on Nicotine and Tobacco, held February 27 to March 1, 2008, in Portland, Oregon, Dr. Benowitz reviewed the mechanics of nicotine addiction, from the effects that the compound has on humans to its metabolism to the growing influence nicotine has on the habitual smoker. In addition, he touched upon the possible genetic reasons that ethnic groups have different risks for nicotine addiction and the need for tailoring treatment strategies to particular populations.
Nicotine Addiction: Overview and Pharmacology
Addiction, the loss of control over drug use, is typified by the dilemma of many smokers—as much as they want to stop smoking, they are compelled to continue tobacco use. The theoretic ways that nicotine and other psychoactive substances exert their influence have been contentious and have been discussed elsewhere.2,3 However, the neurobiologic pathways involved in addiction are relatively well understood.
Mapping the Mechanism
Nicotine and other substances activate the brain’s mesolimbic neural pathway. This substrate, also referred to as the “dopamine pathway,” may be responsible for feelings of pleasure and reward. Nicotine and other drugs may be addictive because they “hijack” these reward centers of the brain. In this context, addiction is a brain disease. However, specific neurotransmitters appear to be involved in this phenomenon. Nicotine acts upon receptor systems for numerous endogenous chemicals; affects the release of different subunits of acetylcholine presynaptically; and augments the release of dopamine, norepinephrine, glutamate, serotonin, -endorphin, and -aminobutyric acid.
In addition, nicotine has biphasic effects. People’s subjective experiences smoking cigarettes are marked by both stimulant and depressant outcomes collectively known as “the nicotine paradox.” Furthermore, the psychoactive effects of smoking apparently are different from one smoker to another. For example, one cigarette user may find smoking to be a relaxing activity, whereas another may find that the habit helps with concentration. In any case, all smokers tend to experience cigarette smoking as pleasurable and rewarding.
Predictably, the more quickly that a drug reaches the brain, the more addictive it tends to be. The cigarette is an efficient drug-delivery device that potentiates the addictiveness of its active ingredient. According to arterial blood level data, nicotine reaches the brain rapidly after being absorbed by the lungs, reaching high concentrations within 10 minutes. This swift nicotine absorption and distribution results in powerful reinforcement, helps to overcome tolerance, and facilitates the titration of the compound by the smoker. 
Nicotine is present in the brains of smokers 24 hours a day. As the brain strives to achieve homeostasis, it adapts to nicotine’s enduring presence. Consequently, longer-term changes in plasticity and disruption of circuitry occur as smokers continue their habit. When people stop smoking, these changes become evident with the start of the characteristic withdrawal syndrome (including urge/craving to smoke, irritability, anxiety, depressed mood, difficulty concentrating, restlessness, sleep disturbance, decreased heart rate, and increased appetite/weight gain). This syndrome begins as soon as 30 minutes after a smoker’s last cigarette4 and persists for 10 days in most people.5
Nicotine Metabolism: Identification of Vulnerable Smokers
The enzyme cytochrome P450 2A6 (CYP2A6) is the chief enzyme that metabolizes nicotine in the liver. In addition, CYP2A6 is involved in the metabolism of other drugs and in the activation of carcinogens, including the nicotine-derived nitrosamines NNK, NNAL, and NNN. 
CYP2A6 metabolic clearance of nicotine apparently varies widely. Thus, individual differences in CYP2A6 activity may account for some individual differences in cigarette use (ie, nicotine intake) and risk of smoking-related illness. Indeed, several studies (eg, Schoedel et al6) found that the genetic variation in CYP2A6 predicts cigarette use.
A number of identified CYP2A6 alleles account for approximately 40%–50% of interindividual differences in nicotine metabolism. Twin studies suggest that 60% of nicotine clearance is heritable.7  Such heritability cannot be explained by currently recognized gene variants. Thus, known genetic polymorphisms do not fully account for the broad differences in nicotine metabolism noted from one person to another.
Novel CYP2A6 alleles continue to be discovered, yet genotype analysis is incomplete. Thus, identification of a phenotypic probe of CYP2A6 activity is a target of research. Previously, investigators believed that nicotine cleared from the body via the pathway of the nicotine metabolite cotinine.8 However, although it is a an excellent marker for nicotine metabolism, the cotinine pathway represents a complicated subject of research. Its study requires the intravenous administration of labeled nicotine and cotinine, the admission of patients to a research ward, and cardiovascular monitoring during the infusion. An alternative approach might involve measuring the ratio of cotinine to the parent compound nicotine; however, the half-life of nicotine is 2 hours and of cotinine is 16 hours. Because the half-life of nicotine is relatively short, the ratio of cotinine to nicotine is highly dependent upon the time that an individual last was exposed to nicotine.
Cotinine is metabolized by CYP2A6 to trans-3-hydroxycotinine (3HC). When generated from cotinine, 3HC’s half-life is similar to that of cotinine and, therefore, is largely constant over time. The ratio of 3HC to cotinine may be measured in either plasma or saliva after a smoker uses tobacco or ingests an oral solution of deuterium-labeled nicotine. The 3HC:cotinine ratio is strongly associated with nicotine clearance; therefore, it is a practical marker of nicotine metabolism and of CYP2A6 activity.9
Practical Findings from Research
Studies of nicotine clearance in different populations have shown it to be influenced by genetic variations, gender, and racial/ethnic differences in smoking behavior and outcomes.
Genetic differences. Because drugs that are absorbed and distributed more quickly tend to have stronger addiction potential, substances that are inactivated and eliminated more quickly also tend to be more addictive, because higher levels of drug use are needed to maintain preferred levels of the substance in the body. Consistent with this notion, smokers with CYP2A6 variant alleles associated with faster nicotine clearance smoke more cigarettes each day and have a higher risk of developing lung cancer.
A number of noteworthy findings have emerged with regard to phenotypic indicators of CYP2A6 activity. Fast metabolizers of nicotine tend to smoke more cigarettes, experience more severe withdrawal symptoms postcessation, and have higher levels of tobacco dependence and lower rates of posttreatment abstinence.10,11 Furthermore, slow metabolizers are more likely to quit smoking when given a fixed dose of nicotine (via a transdermal nicotine patch) than are fast metabolizers. When allowed to titrate the nicotine dose using a nasal nicotine spray, slow and fast metabolizers exhibit no differences in outcomes.
Gender. Nicotine clearance also seems to be influenced by sex hormones. Specifically, pregnant women are the fastest metabolizers of nicotine, followed by women using oral contraceptives, women not using oral contraceptives, and men. Thus, women may be more tobacco-dependent than are men and may need higher doses of nicotine replacement (ie, gum, transdermal patch, lozenge, inhaler, and/or nasal spray) to ensure successful smoking cessation.
Race/ethnicity. Studies of nicotine clearance also have come up with various significant findings concerning sizable racial/ethnic differences in smoking behavior and outcomes. For example, Asians and Latinos have the lowest incidence of lung cancer, followed by Caucasians. African-Americans have the highest incidence of the disease. Differential exposure to carcinogens in cigarette smoke likely accounts for some or most of this variation in lung cancer risk. Interestingly, there is a similar prevalence of cigarette use among Caucasians and African-Americans, yet African-Americans appear to take in more toxins per cigarette than do their Caucasian counterparts.12 Further, the prevalence of smoking and the number of daily cigarettes consumed are lower among Latinos and Asians than among Caucasians. Although there are several explanations for the variation in lung cancer rates across these ethnic and racial groups, the fact remains that Asians and Latinos smoke less and, therefore, take in fewer carcinogens than do Caucasians.
To take this a step farther, fewer cigarettes smoked per day may be attributable to a slower clearance of nicotine. African-Americans take in the most nicotine, followed by Caucasians, Latinos, and, lastly, Chinese-Americans. These differences in nicotine intake partially may result from slower nicotine metabolism.13 Thus, during an attempt to quit smoking, African-Americans may need higher doses of nicotine replacement therapy than suggested by current clinical practice guidelines, and Asians may need lower doses.
Identification of Smoking Status
The proper identification of cigarette smokers in clinical settings is crucial. The administration of smoking-cessation interventions depends upon the detection of tobacco use. Unfortunately, self-reporting may not be the most reliable or practical method of assessing cigarette consumption. 
Prior biomarker research suggested that positive smoking status is indicated by plasma or saliva cotinine levels of at least 15 ng/mL or urinary cotinine levels of 50 ng/mL or more. However, two notable research findings indicate that these guidelines should be updated and the cutoff point amended. First, as noted, smoking behavior varies between certain racial/ethnic groups. The low smoking rate of Latinos and Asians, in particular, may lead to false-negative test results in these groups. Second, serum cotinine levels in smokers have declined over the years, perhaps because environmental tobacco restrictions that preclude smoking at regular intervals have increased. 
Thus, positive smoking status may be indicated by plasma or saliva cotinine levels of at least 3 ng/mL. This cutoff would certainly provide greater sensitivity in detecting cigarette users. Although use of such a threshold would lead to more false-positive tests, especially among individuals of low socioeconomic status, who are more likely to be exposed to environmental tobacco smoke, it would yield a higher rate of true-positive tests—a beneficial outcome—than would other routine screening tools. 
Clinical Recommendations
In summary, to help evaluate smokers and make the most pertinent therapeutic recommendations for these individuals:
· Assess the cotinine level in plasma or saliva to determine smoking status; positive smoking status is identified by cotinine levels of 3 ng/mL or higher.
· Exercise caution when interpreting cotinine levels in patients of lower socioeconomic status—higher levels may indicate environmental tobacco smoke exposure rather than smoking per se.
· Consider suggesting/prescribing higher doses of nicotine replacement products to women and African-American smokers and suggesting/providing lower doses to Asian smokers.
· Assess the nicotine clearance rate in smokers via the ratio of 3HC to cotinine in plasma or saliva.9,10
Individuals having a 3HC-to-cotinine ratio above 0.47 may benefit from nicotine-replacement doses that are higher than 21 mg or from products that allow titration of nicotine dose, such as a nasal spray or inhaler.
Public Policy Recommendations
Most smokers try their first cigarette during adolescence, around the ages of 14–15 years. Two to three years after having this first cigarette, these adolescents become addicted to smoking. Interestingly, young people do not plan on using cigarettes for the long term; indeed, most believe that they can smoke for a limited amount of time and quit with little difficulty. This speaks further to the addictive nature of nicotine.
Nicotine is a drug. Consequently, the US Food and Drug Administration (FDA) should have jurisdiction over cigarettes and other tobacco products. Given the tremendous negative impact of smoking on public health, the FDA’s objective should be to reduce cigarette use as much as possible. But how can this be accomplished?
Benowitz and Henningfield14 devised a strategy for tobacco regulation that warrants serious consideration. They recommended that the FDA reduce the nicotine content of cigarettes over a 10- to 15-year period so that smokers ultimately consume less than 5 mg/d of the drug. This strategy appeared promising in a pilot study by Benowitz and colleagues,15 who showed that smokers consuming less than 5 mg/d of nicotine reduced their cigarette consumption; they did not increase their smoking rate or otherwise compensate for the decreased nicotine content of their cigarettes, yet their exposure to toxins was reduced.
Thus, a proposed strategy to decrease tobacco consumption appears to be safe and feasible. The impact of this innovative line of attack cannot be overstated. As noted by Tengs et al, “Policy makers would be hard-pressed to identify another domestic public health intervention, short of historical sanitation efforts, that has offered this magnitude of benefit to the population.”16
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Scenario A: Nicotine Dependence Differentiated by Trait Level Only
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TABLE 1
18 Key Items from the WISDM-68 for Assessing Nicotine Dependence

CaNo s W

10
n
12
13
1
15
16
17
18

I often smoke without thinking about .
Cigarettes control me.

Tusually want to smoke right after | wake up.

It hard to ignore an urge to smoke.

Ican only go a couple hours between cigarettes.

Ismoke without deciding to.

Ifrequently light cigarettes without thinking aboutit.

Sometimes | feel ke cigarettes rule my lfe.

Ifrequently crave cigarettes.

Im really hooked on cigarettes.

My urges to smoke keep getting stronger if | don't smoke.

1find myself reaching for cigarettes without thinking about it

Other smokers would consider me a heavy smoker.

When| haven't been able to smoke for a few hours, the craving gets intolerable.
Ismoke within the first 30 minutes of awakening in the morning.

Sometimes I not aware that I'm smoking,

My smoking is out of control.

1 consider myselfa heavy smoker.

WISDM-68 = Wisconsin Inventory of Smoking Dependence Motives;eachiten s scored on a scale of 1 07, with 1
representing "not true of me at al*and a score of 7 signifying "extremely true of me”

Adapted from Piper et o
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